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(P) Find afunction $u$ : $[0, T]arrow H^{1}(\Omega)$ satisfying the following:
(a) $u\in L^{\infty}(O, T;H^{1}(\Omega))$ and $b(u)\in W^{1,2}(0,T;L^{2}(\Omega))$ .
(b) $u(t)\in K(t)$ for a.e. $t\in(O,T)$ .
(c) For a.e. $t\in(O, T)$ , the following inequality holds:
$(b(u)_{t}, u-v)+ \int_{\Omega}a(x, b(u),$ $\nabla u$) $\cdot\nabla(u-v)dx\leq(f(t), u-v)$ (1.1)
for all $v\in K(t)$ .
(d) $b(u(O))=b_{0}$ in $L^{2}(\Omega)$ .
, $T$ , $\Omega$ $\mathbb{R}^{N}(N\geq 1)$ . $b:\mathbb{R}arrow \mathbb{R}$
. $a(x, s,p)$ quasi-linear elliptic vector field ,
$a(x, s,p)=\partial_{p}A(x, s,p)$
$A:\Omega\cross \mathbb{R}x\mathbb{R}^{N}arrow \mathbb{R}$ . $(\cdot, \cdot)$ $L^{2}(\Omega)$ -
. $K(t)$ $H^{1}(\Omega)$ , $f(t, x)$ $(0, T)\cross\Omega$
. , $b0$ .
(1.1) , $\{b’(u)=0\}$ , $\{b’(u)>0\}$
, (11) - . , (11) -
$b(u)_{t}-\nabla\cdot a(x, b(u),$ $\nabla u$) $=f(t,x)$ in $(0,T)x\Omega$
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, , porous media
(cf [1, 2]).
, , - (P)
. , :
$(OP)$ Find an optimal control $f^{*}\in F$ such that
$J(f^{*})= \inf_{\in}J(f)$ .
, $I(f)$
$J(f)$ $:= \frac{1}{2}\int_{0}^{T}|b(u)-b_{d}|_{L^{2}(\Omega)}^{2}dt+\frac{1}{2}\int_{0}^{T}|f|_{H^{1}(\Omega)}^{2}dt+\frac{1}{2}\int_{0}^{T}|f_{t}|_{L^{2}(\Omega)}^{2}dt$ (1.2)
. $b_{d}$ $L^{2}(0, T;L^{2}(\Omega))$ , $u$
$f$ (P) . , $F$
$F$ $:=\{f\in L^{2}(0,T;H^{1}(\Omega)) ; f_{t}\in L^{2}(0,T;L^{2}(\Omega))\}$ (1.3)
.
$b(\cdot)$ , (P) (OP) .
, , (P) (OP) . , (P)
, :
$(P)_{\epsilon}$ Find a function $u_{\epsilon}$ : $[0, T]arrow H^{1}(\Omega)$ satisfying the following:
(a) $u_{\epsilon}\in L^{\infty}(O,T;H^{1}(\Omega))$ and $b_{\epsilon}(u_{\epsilon})\in W^{1,2}(0,T;L^{2}(\Omega))$ .
(b) $u_{\epsilon}(t)\in K(t)$ for a.e. $t\in(O,T)$ .
(c) For a.e. $t\in(O,T)$ , the following inequality holds:
$(b_{e}(u_{e})_{t},u_{\epsilon}-v)+ \int_{\Omega}a(x,b_{\epsilon}(u_{\epsilon}),$ $\nabla u_{\epsilon}$) $\cdot\nabla(u_{\epsilon}-v)dx\leq(f(t), u_{\epsilon}-v)$
for all $v\in K(t)$ .
(d) $b_{e}.(u_{\epsilon}(0))=b_{0,e}$ in $L^{2}(\Omega)$ .
, $\epsilon\in(0,1$ ] , $b_{\epsilon}(\cdot)$ $b(\cdot)$ $b_{\epsilon}(\cdot)$
$b_{\epsilon}(r)$ $:=b(r)+\epsilon r$ for all $r\in \mathbb{R}$
, (OP) :
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$(OP)_{\epsilon}$ Find an optimal control $f_{\epsilon}^{*}\in F$ such that
$J_{\epsilon}(f_{\epsilon}^{*})= \inf_{\in}J_{\epsilon}(f)$ .
, $I_{\epsilon}(f)$
$J_{\epsilon}(f)$ $:= \frac{1}{2}\int_{0}^{T}|b_{\epsilon}(u_{\epsilon})-b_{d}|_{L^{2}(\Omega)}^{2}dt+\frac{1}{2}\int_{0}^{T}|f|_{H^{1}(\Omega)}^{2}dt+\frac{1}{2}\int_{0}^{T}|f_{t}|_{L^{2}(\Omega)}^{2}dt$ (1.4)
. $b_{d}$ $L^{2}(0, T;L^{2}(\Omega))$ , $u_{\epsilon}$
$f$ $(P)_{\epsilon}$ . , $F$ (1.3)
.
, (P) $(P)_{\epsilon}$ , , (OP)
(OP), .
, $H:=L^{2}(\Omega)$ , $(\cdot, \cdot)$ , $|\cdot|_{H}$
, $V:=H^{1}(\Omega)$ , $|z|_{V}:=(|z|_{H}^{2}+|\nabla z|_{H}^{2})^{f}1$
,
$u \vee v:=\sup\{u,v\}$ , $u \wedge v:=\inf\{u, v\}$
. , $[u]^{+}:=u\vee O$ .
2
, (P) .
2.1. $f\in L^{2}(0, T;H),$ $b_{0}\in H$ . , 4 $(a)-(d)$ ,
$u:[0,T]arrow V$ $\{b_{0}, f\}$ (P) :
(a) $u\in L^{\infty}(O, T;V)$ and there exists $u^{*}\in W^{1,2}(0,T;H)$ such that $b(u(t))=u^{*}(t)$ for
a.e. $t\in(O,T)$ (cf. Remark 2.2).
(b) $u(t)\in K(t)$ for a.e. $t\in(O, T)$ .
(c) For a.e. $t\in(O,T)$ the following inequality holds:
$(u_{t}^{*}, u-v)+ \int_{\Omega}a(x, b(u),$ $\nabla u$) $\cdot\nabla(u-v)dx\leq(f(t), u-v)$
for all $v\in K(t)$ .
(d) $u\sim 0$) $=b_{0}$ in $H$ .
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Remark 2.2. 2.1 (a) $u^{*}$ $b(u)$ , , $u^{*}$
$b(u)$ .
(P), $u_{\epsilon}$ , 2.1 , $u$ (resp. $b(u)$ ) $u_{\epsilon}$
(resp. $b_{\epsilon}(u_{\epsilon})$ ) .
, :
(A1) $a(x, s,p)=\partial_{p}A(x, s,p)$ for some potential function $A(x, s,p)$ . There exist constants
$\mu>0,$ $C_{1}=C_{1}(a)>0$ and $C_{2}=C_{2}(a)>0$ such that
$[a(x, s,p)-a(x, s,\hat{p})]\cdot(p-\hat{p})$ $\geq\mu|p-\hat{p}|^{2}$ ,
$|a(x, s,p)|^{2}+|A(x, s,p)|+|\partial_{t}A(x, s,p)|^{2}$ $\leq$ $C_{1}(1+|s|^{2}+|p|^{2})$ ,
$|a(x, s,p)-a(x,\hat{s},p)|$ $\leq C_{2}(1+|p|)|s-\hat{s}|$
for all $x\in\Omega,$ $s,\hat{s}\in \mathbb{R},$ $p,\hat{p}\in \mathbb{R}^{N}$ .
Moreover, $a(\cdot, \cdot, \cdot)$ and $A(\cdot, \cdot, \cdot)$ satisfy the Carath\’eodory condition.
(A2) $b:\mathbb{R}arrow \mathbb{R}$ is bounded, nondecreasing and Lipschitz continuous.
(A3) $K(t)$ is a non-empty, closed and convex set in $V$ for all $t\in[0, T]$ .
(A4) For any $z,\overline{z}\in K(t)$ and $w$ , di $\in V$ with $w\leq z,$ $\overline{z}\leq\overline{w}$, we have
$w\vee\overline{z},$ $z\wedge\overline{w}\in K(t)$ .
(A5) There is a function $\alpha\in W^{1,2}(0, T)$ satisfying the following property $(\star)$ :
$(\star)$ : For any $0\leq s<t\leq T,$ $w\in V$ and $z\in K(s)$ there exists $\tilde{z}\in K(t)$ such that
$|\tilde{z}-z|_{H}\leq|\alpha(t)-\alpha(s)|(1+|z|_{V})$
and
$\int_{\Omega}A(x, w(x),$ $\nabla\tilde{z}(x))dx-\int_{\Omega}A(x, w(x),$ $\nabla z(x))dx$
$\leq$ $|\alpha(t)-\alpha(s)|(1+|z|_{V}^{2}+|w|_{V}|z|_{V}+|w|_{V})$ .
(A6) There is a constant $C_{3}=C_{3}(K)>0$ such that
$|z|_{V}\leq C_{3}(1+|\nabla z|_{H})$ for all $z\in K(t)$ and $t\in[0,T]$ .
(A7) If $z,$ $\overline{z}\in K(t)$ and $\nabla[z-\overline{z}]^{+}\equiv 0$ , then $z\leq\overline{z}$.
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, .
2.3 (Existence of optimal control for $(OP)$ ) (cf. [11, Theorem 2.3]).
$(A1)-(A7)$ , $u_{0}\in K(O)$ , $b_{0}=b(u_{0})$ . , $b_{d}\in$
$L^{2}(0, T;H)$ . , (OP) 1 (optimal control)
$f^{*}\in F$ , ,
$J(f^{*})= \inf_{\in}J(f)$
$f^{*}\in F$ 1 .
(P) $(P)_{\epsilon}$ , , (OP) $(OP)_{\epsilon}$ , .
(A8) A family $\{b_{\epsilon}\}$ $:=\{b_{\epsilon} ; 0<\epsilon\leq 1\}$ of functions $b_{\epsilon}$ : $\mathbb{R}arrow \mathbb{R}$ satisfies that
(i) $|b_{e}(r)-b(r)|\leq\epsilon(|r|+1)$ for all $r\in \mathbb{R}$
(ii) $|b_{\epsilon}(r_{1})-b_{\epsilon}(r_{2})|\leq C_{4}|r_{1}-r_{2}|$ for all $r_{1)}r_{2}\in R$
(iii) $b_{\epsilon}(r_{1})-b_{\epsilon}(r_{2})\geq\epsilon(r_{1}-r_{2})$ for all $r_{1},$ $r_{2}\in \mathbb{R}$ with $r_{1}\geq r_{2}$ .
where $C_{4}>0$ is some constant independent of $\epsilon\in(0,1$ ].
, (OP) (OP), , .
2.4 (Relationship between (OP) and $(OP)_{\epsilon}$).
$(A1)-(A8)$ , $\epsilon\in(0,1$ ], $b_{d}\in L^{2}(0, T;H)$ . , $u_{0}\in K(0)$
s $b_{0,e}=b_{\epsilon}(u_{0})$ . , $(OP)_{\epsilon}$ 1
(optimal control) $f_{e}^{*}\in F$ , ,
$J_{e}(f_{\epsilon}^{*})= \inf_{\in}J_{\epsilon}(f)$
$f_{\epsilon}^{*}\in F$ 1 .
,
$\epsilon_{k}arrow 0$ as $karrow\infty$ ,
$f_{e_{k}}^{*}arrow f^{*}$ weakly in $L^{2}(0, T;V)$ as $karrow\infty$ , (2.1)
$\frac{d}{dt}f_{e_{k}}^{*}arrow\frac{d}{dt}f^{*}$ weakly in $L^{2}(0,T;H)$ as $karrow\infty$ , (2.2)
$f^{*}$ (OP) (2.3)
$\{\epsilon_{k}\}\subset\{\epsilon\}$ $f^{*}\in F$ .
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3 (P) $(P)_{\epsilon}$
, (P) $(P)_{\epsilon}$ .
, (P) , .
3.1 (cf. [21, Theorem 2.1]). $(A1)-(A7)$ . , $f\in W^{1,2}(0, T;H)$




for some constant $N_{1}>0$ independent of $u_{0}$ .
(A5) , [21] , [21, Theorem 2.1] ,
31 . , 31 .
, (P) $(P)_{\epsilon}$ .
$(P)_{\epsilon}$ , .
3.2 (cf. [15, 20, 21]). $(A1)-(A8)$ . , $f\in L^{2}(0,T;H),$ $\epsilon\in$
$(0,1]$ , $u_{0}\in K(0)$ \rangle $b_{0,\epsilon}=b_{\epsilon}(u_{0})$ . , $(P)_{\epsilon}$
$[0, T]$ $u_{e}$ , :
$\sup_{t\in[0,T]}|u_{\epsilon}(t)|_{V}^{2}+\sup_{t\in[0,\eta}|b_{\epsilon}(u_{\epsilon})(t)|_{V}^{2}+\epsilon^{2}\int_{0}^{T}|u_{e}’(t)|_{H}^{2}dt+\int_{0}^{T}|b_{\epsilon}(u_{e})_{t}(t)|_{H}^{2}dt$
$\leq$ $N_{2}(|u_{0}|_{V}^{2}+|f|_{L^{2}(0,T;H)}^{2}+1)$ (3.2)
for some constant $N_{2}>0$ independent of $u_{0}$ and $\epsilon$ .
(A8) , $b_{\epsilon}(\cdot)$ bi-Lipschitz . , [15, Section
28] $[20, 21]$ , 32
. , 32 .
Remark 3.3. $(P)_{\epsilon}$ , $b_{\epsilon}(\cdot)$ bi-Lipschitz , $f\in L^{2}(0, T;H)$
$(P)_{\epsilon}$ . , (P) , $b(\cdot)$
bi-Lipschitz , (P) , $f\in W^{1,2}(0, T;H)$ .
(3.2) , (P) $(P)_{\epsilon}$ ,
.
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34. $(A1)-(A8)$ , $\epsilon\in(0,1$], $u_{0}\in K(O)$ . , $\{f_{\epsilon}\}\subset$
$W^{1,2}(0, T;H),$ $f\in W^{1,2}(0, T;H)$ ,
$\{f_{\epsilon}\}$ is bounded in $W^{1,2}(0, T;H)$ ,
$f_{\epsilon}arrow f$ strongly in $L^{2}(0, T;H)$ as $\epsilonarrow 0$
. , $\{b_{\epsilon}(u_{0}), f_{e}\}$ $(P)_{\epsilon}$ $[0, T]$ $u_{\epsilon}$
. ,
$\epsilon_{k}arrow 0$ as $karrow\infty$ ,
$u_{e_{k}}arrow u$ $weakly-*inL^{\infty}(O, T;V)$ as $karrow\infty$ ,
$b_{\epsilon_{k}}(u_{\epsilon_{k}})arrow b(u)$ strongly in $C([0, T];H)$ as $karrow\infty$ ,
$u$ $\{b(u_{0}), f\}$ (P) $[0, T]$
$\{\epsilon_{k}\}\subset\{\epsilon\}$ $u\in L^{\infty}(O, T;V)$ .
$u_{\epsilon}$ (3.2) (A8) (i) , [17, Section 4] [30, Lemma 3]
, 34 . , 34
.
4 2.3
, 23 . , , 23 .
4.1 (cf. [11, Proposition 3.5]). $\{f_{n}\}\subset W^{1,2}(0, T;H),$ $f\in W^{1,2}(0,T;H)$ ,
$\{u_{0,n}\}\subset K(0),$ $u_{0}\in K(0)$ ,
$\{f_{n}\}$ is bounded in $W^{1,2}(0,T;H)$ , $\{u_{0,n}\}$ is bounded in $V$ ,
$f_{n}arrow f$ strvngly in $L^{2}(0,T;H)$ , $b(u_{0,n})arrow b(u_{0})$ in $H$ as $narrow\infty$
. , $\{b(u_{0,n}), f_{n}\}$ (P) $[0, T]$ $u_{n}$ .
,
$n_{k}arrow\infty$ as $karrow\infty$ ,
$u_{n_{k}}arrow u$ $weakly-*$ in $L^{\infty}(O, T;V)$ as $karrow\infty$ ,
$b(u_{n_{k}})arrow b(u)$ strongly in $C([0,T];H)$ as $karrow\infty$ ,
$u$ $\{b(u_{0}), f\}$ (P) [$0,T|$
$\{n_{k}\}\subset\{n\}$ $u\in L^{\infty}(O, T|V)$ .
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(A5) , [11] , [11, PropositIon 3.5] ,
4.1 . , .
, 23 .
2.3 . 4.1 , 23 . ,
$\lim_{narrow\infty}J(f_{n})=\inf_{f\in F}J(f)$
minimizing sequence $\{f_{\mathfrak{n}}\}\subset F$ . , $J(f_{n})$
(1.2)
$\{f_{n}\}$ is bounded in $F$
. , $\{n_{k}\}\subset\{n\}$ $f^{*}\in F$
$n_{k}arrow$ as $karrow\infty$ ,
$f_{n_{k}}arrow f^{*}$ weakly in $L^{2}(0,T;V)$ as $karrow\infty$ , (4.1)
$\frac{d}{dt}f_{\mathfrak{n}_{k}}arrow\frac{d}{dt}f^{I}$ weakly in $L^{2}(0, T;H)$ as $karrow\infty$ (4.2)
. , Aubin (cf. [22, Chapterl, Section 5])
$f_{n_{k}}arrow f^{*}$ strongly in $L^{2}(0,T;H)$ as $karrow\infty$ (4.3)
( ) .
, $\{b_{0}, f_{n_{k}}\}$ (P) $[0,T]$ $u_{\mathfrak{n}_{k}}$ . ,
41 , $\{b_{0}, f^{*}\}$ (P) $[0, T]$ $u^{*}$
$u_{n_{k}}arrow u^{*}$ $weakly-*inL^{\infty}(O, T;V)$ as $karrow\infty$ ,




. , $J(f^{*})= \inf_{f\in F}J(f)$ , $f^{*}\in F$ (OP)
(optimal control) . , 23 .
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5 2.4
, 34 , 24 .
2.4 . , (P), , 41
. , $b(\cdot)$ $b_{\epsilon}(\cdot)$ , [11, Proposition 3.5]
, $(P)_{\epsilon}$ . ,
2.3 , (OP), 1 (optimal
control) $f_{e}^{*}\in F$ , ,
$J_{\epsilon}(f_{\epsilon}^{*})= \inf_{f\in F}J_{\epsilon}(f)$
$f_{e}^{*}\in F$ 1 .
, $(2.3)-(2.2)$ . , $f\in F$ , $u_{\epsilon}$ $\{b_{\epsilon}(u_{0}), f\}$
$(P)_{\epsilon}$ $[0, T]$ . , $u$ $\{b(u_{0}), f\}$ (P)
$[0, T]$ . , 3.4 , $\{\epsilon_{k}\}\subset\{\epsilon\}$ ,
:
$u_{\epsilon_{k}}arrow u$ $weakly-*inL^{\infty}(O,T;V)$ as $karrow\infty$ ,
$b_{\epsilon_{k}}(u_{\epsilon_{k}})arrow b(u)$ strongly in $C([0, T];H)$ as $karrow\infty$ . (5.1)
, $f_{e}^{*}\in F$ (OP), ,
$J_{\epsilon}(f_{\epsilon}^{*}) \leq J_{\epsilon}(f)=\frac{1}{2}\int_{0}^{T}|b_{\epsilon}(u_{\epsilon})-b_{d}|_{H}^{2}dt+\frac{1}{2}\int_{0}^{T}|f|_{V}^{2}dt+\frac{1}{2}\int_{0}^{T}|f_{t}|_{H}^{2}dt$ (5.2)
. , $(5.1)-(5.2)$ , , $\{f_{\epsilon}^{*}\in F;\epsilon\in(0,1]\}$ $F$
. ,
$\epsilon_{k}arrow 0$ S $karrow$ ,
$f_{\epsilon_{k}}^{*}arrow f^{*}$ weakly in $L^{2}(0,T;V)$ as $karrow\infty$ , (5.3)
$\frac{d}{dt}f_{\epsilon_{k}}^{*}arrow\frac{d}{dt}f^{*}$ weakly in $L^{2}(0,T;H)$ as $karrow\infty$ (5.4)
$\{\epsilon_{k}\}\subset\{\epsilon\}$ $f^{*}\in F$ . , Aubin
(cf. [22, Chapterl, Section 5])
$f_{\epsilon_{k}}^{r}arrow f^{*}$ strongly in $L^{2}(0,T;H)$ as $karrow\infty$ (5.5)
( ) .
, $\{b_{e_{k}}(u_{0}), f_{\epsilon_{k}}^{*}\}$ $(P)_{\epsilon_{k}}$ $[0,T]$ $u_{\epsilon_{k}}^{*}$ .
, 34 , $\{b(u_{0}), f^{*}\}$ (P) $[0,T]$ $u^{r}$
$u_{\epsilon_{k}}^{*}arrow u^{*}$ $weakly-*inL^{\infty}(O, T;V)$ as $karrow\infty$ ,





. , $f\in F$ , ,
$(OP)$ (optimal control) . , 2.4 .
Remark 5.1. (P) (OP) (OP),
, (cf. (1.2), (1.4)) . , $(P)_{\epsilon}$
, $f\in L^{2}(0, T;H)$ (cf. Remark 3.3). ,
$b_{e}($ . $)$ bi-Lipschitz ,
$f_{n}arrow f$ weakly in $L^{2}(0, T;H)$ as $narrow\infty$
, $(P)_{e}$ . , $(P)_{\epsilon}$
$(OP)_{\epsilon}$ ,
$J_{1}(f)$ $:= \frac{1}{2}\int_{0}^{T}|b_{\epsilon}(u_{\epsilon})-b_{d}|_{H}^{2}dt+\frac{1}{2}\int_{0}^{T}|f|_{H}^{2}dt$
. , $u_{\epsilon}$ $f$ $(P)_{\epsilon}$ .
, 23 ,
$J_{1}(f’)= \inf_{f\in LT;H)}J_{1}(f)$





$\underline{(P1)}$ $b(u)_{t}-\nabla\cdot a(x,b(u),$ $\nabla u$) $=f(t,x)$ in $(0,T)x\Omega$ ,
$u\leq g(t)$ , $\nu\cdot a(x, b(u),$ $\nabla u$) $\leq 0$
and $(u-g(t))\nu\cdot a(x,b(u),$ $\nabla u$) $=0$ on $(0,T)x\Gamma_{S}$ ,
$u=g(t)$ on $(0,T)x\Gamma_{D}$ ,
$\nu\cdot a(x, b(u),$ $\nabla u$) $=0$ on $(0,T)x\Gamma_{N}$ ,
$b(u)(0, \cdot)=b_{0}$ in $\Omega$ .
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, $\nu$ . $g(t, x)$
,
$g\in W^{1,2}(0,T;V)$
. , $\Omega$ $\Gamma$ $:=\partial\Omega$ ,
$\Gamma=\Gamma_{D}\cup\Gamma_{N}\cup\Gamma_{S}$ and $meas_{\Gamma}(\Gamma_{D})>0$
3 $\Gamma_{\nu}(\nu=D, N, S)$ . ,
$a(\cdot, \cdot, \cdot)$ $b:\mathbb{R}arrow \mathbb{R}$ (A1) (A2) .
(P1) , porous media .
, $\Gamma_{S},$ $\Gamma_{D},$ $\Gamma_{N}$ , , , ,
, $g(t)$ .
, $t\in[0, T]$ , $K_{1}(t)$
$K_{1}(t)$ $:=$ {$z\in V$ ; $z\leq g(t)$ on $\Gamma_{S}$ and $z=g(t)$ on $\Gamma_{D}$ } (6.1)
. , , (P) (P1)
(cf. [1], [16], [18], [25]).
, $K_{1}(t)$ (6.1) , , $K_{1}(t)$ $(A3)-(A7)$
. , $z\in K_{1}(s)$
$\tilde{z}=z-g(s)+g(t)$
, (A5) (cf. [21, Section 5.1]).
, $(A1)-(A7)$ , 23 (P1)
. , 23 , (P1)
$J(f^{*})= \inf_{f\in F}J(f)$ (6.2)
1 $f^{*}\in F$ . , $J$ $F$ (1.2) (1.3)
.
, $\epsilon\in(0,1$ ] , $b(\cdot)$
$b_{\epsilon}(r)$ $:=b(r)+\epsilon r$ for all $r\in \mathbb{R}$
, (P1) $b(\cdot)$ $b_{\epsilon}(\cdot)$ $(P1)_{\epsilon}$ .
, , $b_{\epsilon}(\cdot)$ (A8) , (P1), (P1)
. , 34 , (P1), (P1)
. , 24 , $(P1)_{\epsilon}$
$J_{\epsilon}(f_{\epsilon}^{*})= \inf_{\in}J_{\epsilon}(f)$
1 $f_{\epsilon}^{*}\in F$ , $(2.1)-(2.2)$ (6.2)
. , Je( (1.4) .
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6.2 Time-dependent water levels of reservoirs
, $Alt-Luckhaus-Visintin[2]$ . ,
, $a(x, b(u),$ $\nabla u$) $=a(x)[\nabla u+k(b(u))]$
:
$\underline{((P2)}$ $b(u)_{t}-\nabla\cdot a(x)[\nabla u+k(b(u))]=f(t,x)$ in $(0, T)\cross\Omega$ ,
$u\leq g(t)$ , $\nu\cdot a(x)[\nabla u+k(b(u))]\leq 0$
and $(u-g(t))\nu\cdot a(x)[\nabla u+k(b(u))]=0$ on $(0,T)x\Gamma_{S}(t)$ ,
$u=g(t)$ on $(0,T)x\Gamma_{D}(t)$ ,
$\nu\cdot a(x)[\nabla u+k(b(u))]=0$ on $(0,T)\cross\Gamma_{N}$ ,
$b(u)(0, \cdot)=b_{0}$ in $\Omega$ .
, $b:\mathbb{R}arrow \mathbb{R}$ (A2) .
, :
(K1) $a(x)=(a_{i,j}(x))$ is a symmetric and positive definite matrix with $a_{1i}\in C^{1}(\overline{\Omega})$ , and
$k$ : $\mathbb{R}arrow \mathbb{R}^{N}$ is bounded and Lipschitz continuous. There exists a constant $\mu>0$
such that
$a(x)[p-\hat{p}]\cdot(p-\hat{p})\geq\mu|p-\hat{p}|^{2}$
for all $x\in\Omega$ and $p,\hat{p}\in \mathbb{R}^{N}$ .
(K2) For each $t\in[0,T]$ , the boundary $\Gamma$ of the domain $\Omega$ admits a mutually disjoint
decomposition such as
$\Gamma=\Gamma_{S}(t)\cup\Gamma_{D}(t)\cup\Gamma_{N}$ ,
where $\Gamma_{S}(t),$ $\Gamma_{D}(t)$ and $\Gamma_{N}$ are measurable subsets of $\Gamma$ , and $\bigcap_{t\in[0,T]}\Gamma_{D}(t)$ has a
positive surface measure. Moreover, $\Gamma_{j}(t)$ depends on $t$ smoothly in the sense of
[15, Proposition 3.2.2 (ii)] $(j=S, D)$ .
(K3) $g\in W^{1,2}(0,T;V)\cap L^{\infty}(0,T;H^{2}(\Omega))$ .
,




, (A1) $a(x, s,p)=a(x)[p+k(s)]$ .
, $t\in[0, T]$ , $K_{2}(t)$
$K_{2}(t)$ $:=$ { $z\in V$ ; $z\leq g(t)$ on $\Gamma_{S}(t)$ and $z=g(t)$ on $\Gamma_{D}(t)$ }
, (P) (P2) (cf. [2], [16], [18], [25]).
, [21, Section 5.2] , $K_{2}(t)$ $(A3)-(A7)$ . ,
2.3 (P2) , (P2)
.
, $b(\cdot)$
$b_{\epsilon}(r)$ $:=b(r)+\epsilon r$ for all $r\in \mathbb{R}$ $(\epsilon\in(0,1$ ])
, 6.1 , 34 2.3-2.4 , (P2)
, , (P2)
.
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